This paper studies an initial boundary value problem for a one-dimensional isentropic model system of compressible viscous gas with large external forces,
Introduction
In this paper we consider the one-dimensional motion of a general viscous isentropic gas in a bounded region, with an external force. In the Lagrangian mass coordinate, such a motion is described by the following system of equations:
vt --ux = 0, (1.1)
where v, u, p, # and f in the equations are the specific volume, the velocity, the pressure, the viscosity coefficient, and the external force of the fluid, respectively. We will assume that the equation of state, i.e., the function p is given by 3) and that the viscosity coefficient is a positive constant. After normalization, we may assume without loss of generality that the fluid occupies the interval (0, 1), whose total mass is equal to 1. So we shall consider this problem in a fixed domain Q defined by Co t <-_ vo(x) < Co for some constant Co > 1 ,
(1.9) 0 Furthermore, for the external force f = f(~, t), ~ = fo vdx, we suppose that f,f~ and ft EL~176
x (0,oo)).
(1.10)
We are interested in the existence of an uniformly bounded global solution with respect to time t. Here and throughout this paper, the term "uniformly bounded, global-in-time solution" means the time-global solution which is uniformly bounded and its density also being uniformly positive with respect to t.
In the case f = 0, the existence and uniqueness of the uniformly bounded, [5] shows that for arbitrary large initial data, our problem with f -0 has a unique uniformly bounded, global-in-time solution. If the external force vanishes sufficiently fast as time tends to infinity, we can extend their results to obtain uniform estimates or the asymptotic behavior of the solution. However this assumption is too restrictive to cover physically meaningful cases, such as time periodic external forces or time independent ones. From this point of view, Beirg.o da Veiga [1] proved the following result. For suitably small f, if some norm of the initial data is bounded by some constant which is determined by the L~-norm of f, then a uniformly bounded, global-in-time solution uniquely exists. Since the constant mentioned above tends to infinity as the L~176 of f tends to 0, there is no gap between his result and Kazhikhov's one. His result also shows that for any fixed initial data, if the external force is sufficiently small, then the uniformly bounded, global-in-time solution uniquely exists. However it does not cover Matsumura and Nishida's result [9] : when the gas is assumed to be isothermal, namely the equation of state is given by p = a/v, then there exists a unique, uniformly bounded, global-in-time solution for an arbitrary large external force and large initial data. From this point, our interest in the present work is to make up for the difference between them. To do so, regarding ,/ as a parameter, we shall get the sufficient condition on the external force f so as to have uniform
